Claims 



| J.^ A total-reflection x-ray fluorescence Apparatus comprising: 
an x-ray source for providing x-rays; 
a doubly-curved x-ray optic for diffracting the x-rays; 
a surface onto which at lpst some of the diffracted x-rays 
a& directed; and 

-i an x-ray detector for ^detecting resultant x-ray fluorescence emitted by any 

m foreign matter present on ti$e surface. 

10 a . 2, An apparatus as recited in claim 1 wherein the doubly-curved x-ray optic also focuses 
EH the x-rays on to the surface. 



15 




3. 



An apparatus as recited in cl^fm 1 wherein the doubly-curved optic is a crystal or 
multi-layer optic. 

An apparatus as recited in claim 1 wherein the doubly-curved x-ray optic has one or 
more atomic planes. 

An apparatus as recited in claim^wherein the atomic planes are curved to form a 
toroidal, ellipsoidal, spherical, parabolic, or hyperbolic shape. 




6. 



An apparatus as recited in claim 1, further comprising one or more apertures for 
limiting a convergent angle of the diffracted x-rays, wherein the convergent angle 
comprises the angle subtending the upper and lower extents of the diffracted x-rays. 
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y: An apparatus as recited in claiiy 6 wherein the one or more apertures are positioned 
at at least one of before the yray optic and after the x-ray optic. 



5 i< 



K). 



10 M v<&U: 



An apparatus as recited in claim wherein the one or more apertures comprise an 
elongated slot. 

An apparatus as recited in claim ^"wherein the one or more apertures produce a 
convergent angle for the diffracted x-rays which is less than the critical angle for the 
total reflection of the x-rays from the surface for the wavelength of the x-rays. 
An apparatus as recited in claim 1, wherein the doubly-curved x-ray optic employs 
Bragg 's law in diffracting the x-rays . 

An apparatus as recited in claim 1 , further comprising an analyzer for analyzing the 
x-ray fluorescence detected by the detector. 

An apparatus as recited in claim 1 , wherein the surface is an optical reflection surface. 
An apparatus as recited in claim 1, wherein the surface is a surface of a semi- 
conductor wafer. 




An apparatus as recited in claim 1 , wherein the locations of the doubly-curved x-ray 
optic, x-ray source, and pointW impingement upon the surface define an optical 
circle of radius R wherein the aoubly-curved x-ray optic has an optic surface of 
radius 2R and one or more atomic panes essentially parallel with the optic surface. 



/9 

4& An apparatus as in claim H; wherein the doubly-curved x-ray optic provides one of 
20 symmetric or asymmetric Bragg diffraction. 
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vq \& An apparatus as recited in claim ±4, wherein the atomic planes are curved to form a 

toroidal, ellipsoidal, spherical, parabolic, or hyperbolic shape. 
jpjf 1 - ^ apparatus as in claim H7 wherein the doubly-curved x-ray optic has a transverse 
plane perpendicular to the optic circle wherein in the transverse plane the atomic 
5 planes are circular. 

.'18. A method for detecting presence of foreign matter on a surface using a doubly-curved 
Sf\ ( x-ray optic, comprising: 

providing a source of x-rays; 
Cn diffracting at least some of thef x-rays using a doubly-curved x-ray optic and 

1 0 % 4 impinging the diffracted x-rays upon the surface; 

~. _2 If 

. detecting flourescent x-rays responsive to the impingement from any foreign matter 
JL present on the surface. 

19. A method as recited in claim 18, wherein the diffracting focuses the at least some 
£3 x-rays onto the surface. 

15 20. A method as recited in claim 18, further comprising impinging the diffracted x-rays 

upon the surface so that the x-rays are totally-reflected from the surface with little or 
no x-ray scatter. 

3H ^ A method as recited in claim ^ffurther comprising exciting foreign matter present 
on the surface with the diffracted x-rays so that the foreign matter emits the 
20 fluorescent x-rays. 
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^method as recited in claim ,18, further comprising passing the x-rays through at 
least on^merture to limit the convergent angle of the x-rays, wherein the convergent 
angle compris^he angle subtending the upper and lower extents of the diffracted 
x-rays. 



A method as recited in claim 22, wherein the passing through at least one aperture 
is practiced at at least one pf: before the x-ray optic or after the x-ray optic. 
A method as recited in claim~£§fkirther comprising analyzing the detected x-rays to 




3* 



determine the nature of the foreign matter. 
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25. 



An apparatus four diffracting x-rays comprising: 

an x-ray jjj^are^andimage defining an optic circle of radius R; 
an xfray\,opl^c having a surface and a plurality of atomic planes having 
a radius R P which^jntetjsect the surface at an angle a; 

wherein the radius of the atomic planes R P is defined by the equation 
R P = 2R cos a. 



26. 



An apparatus as recited in cI^im-25, wherein the angle a is grater than 0° and less 
than 90°. 



27. An apparatus as recited in(claim \6, where$ the angle a is greater than 0° and less 
than 20°. 

28. An apparatus as recited in claim^ Vherein the optic is a doubly-curved optic. 
'-29. An apparatus as recited in claim 28, wherein the doubly-curved optic is curved to a 

toroidal, ellipsoidal, spherical, paraboliclW hyperbolic in shape. 
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3-0: An apparatuses recited jp claim 28; wherein the doubly-curved optic exhibits 

asymmetnc Br&gg diffi&tion. 
~3~h An apparatus a^|ecited in clairil 28, wherein the doubly-curved x-ray optic also 
focuses the x-rays \n to the stfrface. 



32. 



33. 



34. 



ice ap 



A total -reflection x-ray fluorescence apparatus comprising: 
an x-ray source for providing > -rays; 
a doubly-curved x-ray optic for diffracting the x-rays having a surface and a 
plurality of atomic planes of radius R P Which intersect the surface at an angle a; 

a surface onto which at least some of the diffracted x-rays 
are directed; and 



an x-ray detector for detectin 

/ 

foreign matter present oi^the surface; 



resultant x-ray fluorescence emitted by 



wherein the radius of the atomic planes R P of the doubly-curved optic is 

fl \ 

R P = 2R cos m \ \ 

i\\ \ 

An apparatus as recited dn claim 32, wherein the angle a is grater than 0° and less 



defined by the equation 



than 90°. 

An apparatus as recited irt 
than 20°. 




wherein 



35. An apparatus as recited in claim 32, wherein 

36. An apparatus as recited in claim 35, wherein 
toroidal, ellipsoidal, spherical, parabolic^ 




greater than 0° and less— 
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optic is a doubly-curved optic, 
the doubly-curved optic is curved to a 
or hyperbolic in shape. 



• 



37. An apparatus as recited in claim 32, wherein the doubly-curved optic exhibits 
asymmetric Bragg diffraction. 



38. An apparatus as recited in daim 32, wjerein the doubly-curved x-ray optic also 
focuses the x-rays on to th/surface.| 



39. An apparatus as in claim 



40. 



2, wherein/tl 



doubly-curved x-ray optic focuses to a 




footprint on the surface, tAe foot prjht ha^mg a largestdimension less than 1 mm. 
An apparatus as in claim 3$7wherein the doubly-curved x-ray optic focuses to a 
footprint on the surface, the foot print having a largest dimension less than 500 
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